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Abstract 
 
There have been results of the metallographic research and the measurements of the microhardness of the surface layer of the high 
speed steel HS 6-5-2 presented from the areas of overlapping remelting. Remelting of the surface layer of the steel was made with the 
electric arc. After the remelting, there was the conventional tempering done 2x2 hours in the temperature of 560
0C. There is a result from 
the research that in the area of overlapping of the heat influence zone of the second remelting (HIZ2) on the first remelting zone (R1) there 
is a decrease of the microhardness. Conducting the conventional tempering causes the increase of microhardness, but it does not change 
the shape of the microhardness curve. The material included in the paper is the attempt of the answer for the question, in which attempt 
and why is there a decrease of microhardness of the surface layer of the steel, mentioned above.  
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1. Introduction 
The remelting of the surface layer of the high speed steel 
leads to its strengthening. One of such cheap methods used for the 
remelting of the steel is the electric arc used in GTAW method. 
There is sometimes a need of remelting of bigger surfaces of the 
tools blades, the overlapping of remelting is then used. From the 
previous research of the author [1-3] one can conclude, that after 
remelting of the high speed steel HS 6-5-2 in the area of the over-
lapping of the heat influence zone of the second remelting (HIZ2) 
on the first remelting (R1), there is a significant decrease of the 
microhardeness even of 200 HV0,065.  
The aim of the work was to define the influence of the con-
ventional tempering on the microhardness and microstructure in 
the area of overlapping the heat influence zone of the second 
remelting on the first remelting and the answer for the question, in 
what case and why is there that decrease of the microhardeness of 
the surface layer of the steel, mentioned above.  
 
2. Material and test methodology 
The material for research was the high speed steel -   
HS 6-5-2 in the annealing condition. The surface layer of the steel 
was remelted with the electric arc using the FALTIG 315AC/DC 
device, used for welding with the GTAW method. Argon was 
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335used as a plasma-generating gas. The parameters of the remelting 
were applied: current intensity of the electric arc 100A, scanning 
speed 200 mm/min. The process has been conducted at the 
Rzeszow Technical University, Founding and Welding Depart-
ment.  
Microhardness measures were performed with the use of 
Vickers method using Hanemann microhardness tester, with the 
application of 65 g load and with 30 s as the time of load.  
The metallographic research - SEM was done on the Tesla 
BS-340 microscope 
 
3. Results 
Surface layer of HS6-5-2 steel was remelted by electric arc 
using approx. 40% of tracks overlapping (fig 1). After the remelt-
ing, there was the conventional tempering done 2x2 hours in the 
temperature of 560
0C. A measurement of microhardness con-
ducted on the 0,1 mm depth from material surface (fig 1). Micro-
hardness measures were not performed on the surface, as because 
it required grinding, therefore to avoid this procedure the meas-
urements were conducted in the above mentioned way.  
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Fig.1. A diagram of remelting surface layer of steel by electric arc 
obtained by the use of GTAW method. Broken line indicates 
a track assigned in the distance of 0,1 mm from the surface. On 
the track the indentations were made every in the distance 
0,1 mm; R1 – first remelting, R2 – second remelting, HIZ1 – the 
heat influence zone of the first remelting, HIZ2 – the heat influ-
ence zone of second remelting 
 
The result from the research of the author [1-3] is that from 
the overlapping remelting there is a possibility of the decrease of 
the microhardness of surface layer steel.  
The material included in that work is the attempt for the an-
swer to the question, in what case and why is there a microhard-
ness decrease, mentioned above. Figure 2 presents the results of 
the measurements of the microhardness of surface layer of the 
steel (done as in the figure 1), from which results that in the area 
of overlapping of the heat influence zone of the second remelting 
(HIZ2) on the zone of the first remelting (R1) there is a significant 
decrease of the microhardness of the surface layer of the steel  
HS 6-5-2 from approx. 800HV0,065 to approx. 600HV0,065. 
Conducting the process of the conventional tempering causes the 
increase of the microhardeness value on average 80 HV0,065 – 
but it does not change the shape of the microhardness curve.  
To explaing the reason of occurence of the decrease of the 
microhardness, one should follow the stages of the structure 
transformation in particular areas, present as a result of remelting 
overlappings and as a result of conducting the further heat treat-
ment - the conventional tempering. The separate stages of the 
structure elements transformation are presented in figure 3. After 
remelting with the electric arc of the surface layer of the steel, the 
first remelting was achieved (R1) and the heat influence zone of 
the first remelting (HIZ1), the second remelting (R2) and the heat 
influence zone of the second remelting (HIZ2). The structure 
within the first zone and second remelting consisted with the 
martensite not tempered and retained austenite surrounded the 
eutectic (austenite and carbides) fig.3b. Generally within the heat 
influence zone, depending on the local temperature, there are 
processes of hardening and tempering. In the fig. 3 the area of 
overlapping HIZ2 on R1 was divided into two areas. The area 
closer to R2, where there is a process of hardening and the area 
closer to R1, where there is a process of tempering. The austeniti-
zation temperature is the criteria diversifying these areas. In the 
area of overlapping of HIZ2 on R1, where the temperature was 
higher from the austenitization temperature there is the presence 
of martensite not tempered and retained austenite rising as a result 
of hardening and the eutectic. In the area of overlapping of HIZ2 
on R1, where the temperature was lower from the austenitization 
temperature, there is the tempered martensite, martensite not 
tempered, which was made from the transformation of the re-
tained austenite as well as eutectic (fig.3b). 
As a result of single tempering in the zone R1 and R2 were 
obtained the tempered martensite and martensite not tempered 
rising from the transformation of retained austenite and eutectic 
(fig.3.c). In the area of overlapping of HIZ2 on R1, where the 
temperature was higher from the austenitization temperature there 
is a tempered martensite, martensite not tempered coming from 
the transformation of retained austenite and eutectic. Within the 
area of overlapping of HIZ2 on R1, where the temperature was 
lower from the austenitization temperature there is a tempered 
martensite and eutectic (fig.3c).  
After the second tempering within the zone R1 and R2, in the 
area overlapping of HIZ2 on R1 we receive the tempered marten-
site and eutectic (fig. 3d and fig.4). Not all retained austenite is 
transformed in martensite during single tempering process should 
be to take into consideration that. After first and second tempering 
in the structure of HS 6-5-2 steel very little of the austenite re-
mains [4]. 
Deep analysis needs the detailed division of the area of over-
lapping of HIZ2 on R1 (fig.5), where, depending on the local 
temperature, there are the following processes:  
1 – hardening from the too high temperature of austenitization (in 
the area where the temperature was far too higher from the aus-
tenitization temperature). Before tempering it causes the increase 
of microhardness and after the tempering it causes its decrease, 
2 – hardening processes from the proper austenitization tempera-
ture (in the area where the proper temperature of austenitization 
was achieved) after tempering it causes the increase of micro-
hardness,  
3 – too high tempering of martensite (in the area where the tem-
perature was higher from 560
0C and lower from the austenitiza-
tion temperature). Before and after tempering causing the micro-
hardness decrease, 
4 – tempering in a proper temperature (in the area where the 
temperature is approx. 100
0C to 560
0C). For the temperature 
approx. 560 
0C causing the increase of microhardness.  
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Fig. 2 The results of the measurement of the microhardness of the surface layer of the steel HS6-5-2 remelted with the electric as well as 
remelted with the electric and tempered. R1 – first remelting, R2 – second remelting, HIZ2 – the heat influence zone of second remelting; 
1 – microhardness after remelting (before conventional tempering), 2 - microhardness after remelting and conventional tempering 
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Fig. 3. Transformation stages in particular areas, occuring as a result of the remelting overlapping and as a result of further heat treatment - 
conventional tempering; a) description of particular zones, b) structure after remelting without conventional tempering, c) structure after 
remelting and single conventional tempering, d) structure after remelting and twofold conventional tempering; R1 – first remelting, R2 – 
second remelting, HIZ1 – the heat influence zone of the first remelting, HIZ2 – the heat influence zone of second remelting; Mt –tempered 
martensite, Mn - martensite not tempered, Ar –retained austenite, E - eutectic 
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Fig. 4 – Microstructure of the steel HS6-5-2 remelted with the electric arc and conventionally tempered 2x2 hours in the temperature 
560
0C; a) from the area of first remelting ) from the area of overlapping of HIZ2 on R1 
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Fig. 5. The division of the area of overlapping of HIZ on R1 on 
subareas; 1 - hardening area from too high temperature of austeni-
tization, 2- hardening area from the proper austenitization tem-
perature, 3- area from too high tempering, 4- area of tempering in 
a proper temperature 
 
Analysing the decrease of microhardeness in the area of over-
lapping of HIZ2 on R1, one should pay attention and take into 
consideration changes of the structure within the eutectic area, 
present as a result of the structure transformation mentioned 
above, what was included by the author in that paper [2]. 
Detecting the decrease of microhardeness depends on the 
width of the heat influence zone. The microhardeness measure-
ments presented in that work, were done every 0,1 mm whereas 
the heat influence zone with the surface has the width of about 
0,5mm. In case of the narrow heat influence zone, the micro-
hardeness measurements should be done with higher definition 
(apply the smaller distances between imprints of the microhard-
ness tester). The width of the heat influence zone depends on the 
remelting parameters and the heat conducting the material, the 
sooner the heat is conducted the smaller the width of the heat 
influence zone. The decrease of microhardeness is more visible 
for the remelting parameters: current intensity of the electric arc 
100A, scanning speed 200 mm/min than current intensity of the 
electric arc 70A and scanning speed 400mm/min, because the heat 
influence zone in the first case is wider. The microhardeness 
existence is influenced with the volume fraction of areas charac-
terized with lower microhardness in the area of overlapping of 
HIZ2 on R1, so the areas 1 and 3 in fig. 5. Depending on the 
width of these areas, the decrease of microhardness is easier or 
more difficult to identify.  
Earlier results of the author's research show that sometimes 
the decrease of microhardness of the surface layer of the steel is 
present only after the conventional tempering after the remelting 
with the electric arc. It can be explained by the existence in the 
area of overlapping of HIZ2 on R1, the hardened wide subarea 
from the too high temperature of austenitization. Then, as a result 
of the further conventional tempering the microhardeness de-
crease is present in that area.  
 
4. Conclusions 
The decrease of microhardeness is present in the area of over-
lapping of heat influence zone of the second remelting (HIZ2) on 
the first remelting (R1).  
The detection of the microhardeness decrease in the area of 
overlapping of HIZ on R1 is influenced by the width of the heat 
influence zone, which depends on the remelting parameters and 
the volume fraction of areas characterized lower microhardness. 
In case of narrow heat influence zone, the microhardeness meas-
urements should be done with higher definition (use smaller 
distances between the microhardeness tester imprints). Conduct-
ing the conventional tempering after the remelting with the elec-
tric arc causes the increase of microhardeness, but it does not 
change the shape of the microhardeness curve.  
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